Introduction
According to census data, there were 24,576 centenarians living in Brazil in the year 2000, about 1.8 times more than in 1991 (IBGE 1991 (IBGE , 2000 . The United Nations projects the centenarian population will keep increasing rapidly, almost sevenfold by 2050, when it will reach 160,000 people (United Nations 2007). These figures are not necessarily surprising when compared to those from populations where the demographic transition started earlier. In the last 50 years, the population above age 100 has grown very fast in Canada (Bourbeau and Lebel 2000) , France (Vaupel and Jeune 1995, Vallin and Meslé 2001) , the U.S. (Krach and Velkoff 1999, Kestenbaum and Ferguson 2005) , and in many other countries (Human Mortality Database 2008) . High fertility levels in the past (Frias and Carvalho 1994 ; United Nations 2007) combined with fast declining mortality rates at older ages (Campos and Rodrigues 2004) have certainly allowed a much larger number of people to survive to the age 100 and older in Brazil. However, we remain skeptical about the population counts reported by the Brazilian census bureau. At older ages, data are beset with a variety of problems in many populations (Coale and Kisker 1986 , Kannisto 1988 , Coale and Caselli 1990 , Preston, Elo, and Stewart 1999 , Thatcher, Kannisto, and Andreev 2002 , and there is no reason to believe these errors are absent or less frequent in Brazil. Indeed, a simple inspection of the ratio of the population aged 100 and older to 85 reveals notable discrepancies between Brazil and other selected countries of presumably higher quality data (Table 1) . For example, in 1991, there were 16 centenarians per 100 people at age 85 in Brazil, eight times more than in Sweden. While comparing relative cohort sizes across populations can be misleading, because of differences in fertility and migration rates, the disparities are large enough to suggest a possible overstatement of age in the Brazilian census data.
In this article, we evaluate the quality of the census data by comparing the recorded centenarian population in the 1991 census with indirect estimates based on the method of extinct generations. The question studied here is not only relevant because Brazil is a large and rapidly aging country, but also because it reveals inconsistencies between deaths and population counts that have implications for the estimation of adult mortality in data-deficient countries. 
Materials
Our approach follows the method of extinct generations to reconstruct the centenarian population from cohort mortality data (Coale and Caselli 1990; Elo and Preston 1994; Bourbeau and Lebel 2000, Thatcher, Kannisto, and Andreev 2002) . Assuming international migration is negligible, we accumulate the number of cohort deaths to persons at ages above 100, from 1991 to 2006, to estimate the number of centenarians by sex, as of January 1 st of 1991. Deaths come from the Mortality Information System of the Ministry of Health (SIM/Datasus). The SIM is a database that contains information about persons who died since 1979 in Brazil. Because the data are available only by age and period, we assume deaths to be distributed evenly by time of occurrence and decedent's age to calculate cohort deaths at each age-period. Earlier studies that were based on indirect methods suggest that 13 and 17 percent of deaths were missing from the SIM, respectively for adult men and women, on average, during the 1990-2000 period (Paes 2005) . Although one could expect the under-registration of deaths to vary among adult ages (Hill and Choi 2004) , we are not aware of any study or empirical evidence that qualifies this issue for the extreme aged in Brazil. Therefore, we use the above mentioned sex-specific under-registration estimates to adjust the volume of centenarian deaths in our study.
The application of the method of extinct generations requires waiting until the cohort is extinct. The last year of the SIM data available is 2006 and thus, the 1991 centenarian cohort attained ages 115 and older by the end of the observation period.
Empirical evidence suggests that only very few people would be alive at such advanced ages. For example, data from the Gerontology Research Group shows that out of 1,059 verified supercentenarians cases recorded, only 23 were 115 years and older (Young 2008) . In addition, in Brazil, we counted only ten deaths at ages 115 and older (not validated for age accuracy) in 2006. Therefore, with only very minor effects to our estimates, we assume the 1991 cohort was extinct by the end of 2006.
We compare the indirect estimates to population counts, which are based on the entire 1991 Brazilian census data. Because the census was held at September of 1991, we use the mean annualized growth rate for centenarians, between 1991 and 2000, to estimate the corresponding population in January 1 st of 1991.
Findings and discussion
The method described above produced the estimated number of centenarians by sex shown in Table 2 . The number of centenarians estimated indirectly (4,439) is only one third the number recorded in the 1991 census (13,296). The ratio of estimated to reported population is similar for both men and women, although it is slightly lower for men (0.299 vs. 0.351), suggesting the discrepancies in the data sources are not entirely independent of sex. Not surprisingly, both estimated and reported numbers are consistent in showing there are about twice as more female than male centenarians in 1991. These results reinforce our doubts about the validity of age reporting in the census data. In the 1991 census, information on age was derived from two questions. The first one asked for the month and year of birth of the person. A second question asked for the presumable age in years and months and was used when the person did not know her date of birth. Missing data for individuals who did not answer any of the two questions were imputed by the bureau of census using the Fellegi-Holt model for statistical data editing (IBGE 2002 ). Although it is not possible to identify the imputed cases in the 1991 census, data from the last census, held in 2000, show that 65% of the centenarians have their age imputed by the census bureau. Therefore, poor quality information at advanced ages is probably due not only to age misreporting among those who answered the census age questions, but also due to the imputation of missing data on age.
Deaths are also susceptible to errors and therefore, we cannot rely on indirect estimates alone to supply the true number of centenarians. In addition to the underregistration of deaths, for which we attempted to correct our data, death certificates may be also subject to age misreporting. Although improbable, our indirect estimates could be biased downwards if ages at death were more frequently understated than overstated among the extreme aged in Brazil.
While the number of deaths is not recorded quite precisely in Brazil, the discrepancies shown in this article are large enough to suggest the centenarian population is exaggerated in the census. The consequences of these results are not limited to the size of the population. The inconsistencies between deaths and the recorded population imply that the mortality rate for centenarians, calculated in the conventional manner by dividing deaths by population counts, is most likely to be underestimated in Brazil. Accordingly, if we assumed the registration of deaths were accurate, the true death rate would be three times larger than the conventional one. The bias could be smaller or even larger depending on how poorly age is reported in the death certificates.
Whether these inconsistencies apply also to younger ages remains unknown, although earlier studies on adult mortality in Latin America suggest there is every reason for believing that this is probably the case for Brazil (Dechter and Preston 1991; Rosenwaike and Preston 1984; Grushka 1996) . Only further research on the quality of age reporting in vital statistics and census data will help us determine at which age mortality rates become seriously flawed in Brazil.
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